The calculation method of the hadron interaction vertex with constant external fields in QCD sum rules is discussed. The representation of the polarization operator in terms of physical states contributions is considered and the most suitable form of this representation is suggested. The estimates of uncertainties in the previous calculations of hadron interaction vertices with external fields are given.
Introduction
The QCD sum rule calculations of hadron interaction vertices with constant external fields are widely used for determination of the hadron static properties. In this way the proton, neutron and hyperon magnetic moments [1] [2] [3] [4] [5] , the axial nucleon and hyperon β-decay coupling constatns [6] [7] [8] , the πNN, πN∆ coupling constants [9] and many other static hadronic characteristics were found. More recently the same method was used to determine the moments of the structure functions [10] and higher twist corrections to Gross-Llewellyn and Bjorken sum rules for unpolarized [11] and polarized [12] deep inelastic lepton-nucleon scattering.
I will remind the main features ot the method. The term of quark interaction with external field is added to QCD Lagrangian. This field may be a constant electromagnetic field in the case of magnetic moments calculations, a fictititious constant axial potential in the case of g A and higher twist correction to polarized Bjorken sum rule etc. The polarization operator Π(p 2 ) of currents with the quantum numbers of hadrons in view is considered. It is supposed that p 2 is negative and −p 2 ≫ R 
where S is the external field, η,η are the currents with the quantum numbers of the hadron, whose interaction vertex with external current j, we would like to determine.
(E.g. for the case of baryons, η(x) is proportional to the product of three quark fields, η ∼ the desirable hadron interaction vertex with constant external field can be found.
In carrying out this program it is essential to represent correctly the hadronic contri- at fixed q 2 < 0 has the form (see, e.g. [2] )
where P (p 2 ) is a polynomial. (It can be shown that at q 2 < 0 there are no anomalous thresholds.) For simplicity it is assumed that the currents η andη are Hermite conjgate what correspond to the diagonal matrix element over hadronic states. In this case ρ(s 1 , s 2 , q 2 ) is symmetric in s 1 , s 2 and the functions f are the same in the 2 nd and 3 rd terms in the r.h.s. of (2) . The second and the third terms in the r.h.s of (2) plays the role of subtraction functions in the double dispersion relation (2) . The function f (p 2 , q 2 ) may be represented by one-variable dispersion relation in p 2 .
It is clear that the dispersion representation (2) holds also in the limit q → 0, p 
In the first (second) term in the r.h.s. of (3) the integration over s 1 (s 2 ) can be performed and the result has the form of one-variable dispersion relation. Such transformation is, however, misleading, because, in general, the integrals Let us consider two examples. The first corresponds to the determination of nucleon magnetic moments. In this case the current η in (1) is the quark current with nucleon quantum numbers η ∼ ε abc q a q b q c and the current j in (2) is the electromagnetic current.
The simple loop diagram -the contribution of unit operator in OPE -is shown in Fig.   1 . It is clear that the spectral function ρ(s 1 , s 2 ) in (2), corresponding to the diagram of Fig. 1 is proportional to δ(s 1 − s 2 ). The separation of the chirality conserving structure results in the statement that the dimension of ρ is equal to 2 (see [2, 3] ). So the general
where a is a constant. The substitution of (5) into (2) gives for the first term in the r.h.s.
In this simple example the dispersion representation is reduced to one-variable dispersion relation, but with the square of (s 1 − p 2 ) in the denominator. Of course, by integrating by parts (6) may be transformed to the standard dispersion representation. However, the boundary term, arising at such transformation must be accounted; it does not vanish even after application of Borel transformation. This means that, even in this simplest case, the representation (2) is not equivalent to one-variable dispersion relation.
The second example corresponds to determination of twist 4 correction to the Bjorken sum rule for polarized deep inelastic electron-nucleon scattering [12] . Here the external current j in (1) is given by
where G a µν is the gluonic field strength tensor. An example of the bare loop diagram is shown in Fig. 2 . In this case, unlike the previous one, ρ(s 1 , s 2 ) is not proportional to δ(s 1 − s 2 ). This stems from the fact that in the discontinuity over p only the left-hand part of the diagram Fig. 2 is touched and the loop integration in the right-hand part still persists. For the selected in ref. [12] tensor structure ρ(s 1 , s 2 ) has dimension 4 and is proportional to s 1 s 2 . We see that in this example the general form of dispersion representation (2) must be used in the limit
Let us represent Γ(p 2 , p 2 ; 0) in terms of contributions of hadronic states, using (2) and separating the contribution of the lowest hadronic state in the channels with momentum p. Consider the first term in the r.h.s of (2) at q 2 = 0, p
As is seen from Fig. 3 it is convenient to devide the whole integration region in s 1 , s 2 into three domains: 
where m is the mass of this state, λ is the transition constant of the hadron in the current The consideration of the domain II contribution is the most troublesome and requires an additional hypothesis. Assume, using the duality arguments, that in this domain also, the contribution of hadronic states is approximately equal to the contribution of the bare quark loop. The accuracy of this approximation may be improved by subtraction from each strip of domain II of the lowest hadronic state contributions, proportional to
Terms of the latter type also persist in the functions f (p (2) . They correspond to the process when the currentη produces the hadron h from the vacuum and under the action of the external current j the transition to excited state h → h ⋆ occurs or vice versa (Fig. 4) . At p
with some unknown function b(s). The term (10) will be accounted separately in the r.h.s.
of (2). I stress that the term (10) must be added to the r.h.s. of (2) (10) may be written as
The functions f (p 2 ) in (2) can be represented by dispersion relation as
The integration domain in (12) may be also devided into two parts: 0 < s < W 2 and W 2 < s < ∞. According to our model the contribution of the first part is approximated by h-state contribution, the second one by continuum. These two parts look like the contributions of the first and the second terms in the bracket in (11) . The first term in (11) , which after Borel transformation is not suppressed in comparison with the main double pole term, arising from (7), as a rule is accounted in the calculations (see, e.g. 
where P means the principal value and the symmetry of ρ(s 1 , s 2 ) was used. The r.h.s. of the sum rule is equal;
where
Two remarks in connection with eqs. (14), (15) 
In this case at W 2 ≫ M 2 the continuum contribution is suppressed exponentially and the dependence on the value of continuum threshold W 2 is weak. It, however, ρ(s 1 , s 2 ) has no such form and is a polynomial in s 1 , s 2 , like in the diagram Fig. 2 , then, as can be be seen from (14), the bare loop diagram contribution has a powerlike dependence on W 2 .
In this aspect the QCD sum rule calculation lost a part of its advantages in comparison with finite energy sum rules.
In the case, when the double discontinuity of the bare loop diagram ρ(s 1 , s 2 ) is proportional to δ(s 1 − s 2 ), this form will be absent in the radiation correction terms. Here (17) is invalid and more general expression (14) must be used. This will result to appearance of ln(W 2 / − p 2 ) in the final answer -W 2 plays the role of ultraviolet cut off.
The necessity to account separately the second term in (15) 3 Few examples
Quark mass term
Consider the matrix element
over the proton state |p >. Here u and d are the fields of u and d-quarks. This matrix element was studied recently [13] by the QCD sum rule technique. On the other side due to the Hellman-Feynman theorem [14, 15] H is related [13] to the part of the neutron-proton mass difference, arising from the quark mass difference
in the linear over µ approximation. Therefore H may be calculated in two ways in the QCD sum rule approach: 1) considering three point hadron vertex for interaction with external constantūu −dd quark field, as was done in [13] ; 2) considering the quark mass dependence of proton and neutron mass in the framework of nucleon mass calculation in QCD sum rule, as was done in [16, 17] . In the latter case the quantity (m n − m p ) µ -the l.h.s. of (19) is calculated. It is evident, that since both calculations are based on the same physical ideas and using the same technique, they must be in on-to-one correspondence.
The comparison of the QCD sides of the sum rules, found in refs. [13] and [17] shows that it is indeed the case: the QCD sides of the sum rules for (m n − m p ) µ , obtained in [17] , identically conincide with QCD sides of the sum rules for µH, found in [13] 1 . However, the phenomenological sides of the sum rules in refs. [13] and [17] are different.
The origin of various terms in the phenomenological part of QCD sum rules in the calculation, when the quark mass dependence of the nucleon mass was studied, can be easily understood. Consider, for example, the chirality conserving sum rule for nucleon mass. After Borel transformation the phenomenological part of the sum rule take the
where c is some QCD calculated numerical coefficient. We are interested in the dependence of (20) on the quark mass difference µ in the linear in µ approximation. So, differentiate (20) over µ. We have
where δW 2 is the variation of continuum threshold. Compare (21) with the phenomenoloigcal side of the sum rule for the vertex H, which has the form (15) . If the last term in (15) is neglected, as was done in [13] , then we have
The first term in (22) corresponds to the first proportional to δm 2 , term in (21) and completely agrees with the Feynman-Hellman-theorem. The second term in (22), pro-1 There was an error in ref. [17] in the coefficient in front of the square of quark condensate term in chirality violating structure, instead of 4/3 it must be 2/3. This error was noticed in ref. [13] . The results of ref. [17] are unaltered. We see on this example that the last term in (15) must be accounted. This introduces an uncertainty in the calculation of three point vertex functions in the QCD sum rule approach.
Consider now another example of the quark mass term contribution -the matrix element
where V is the vector meson, built fromqq pair, say ϕ-meson. The Hellman-Feynman-
Due to chiral invariance the OPE for polarization operator in the chirality violating external fieldqq starts from the operator m ϕand the first term in the OPE corresponds to the diagram Fig. 5 . The dimension of this operator is 4, its contribution vanishes at large s and the structure function ρ(s 1 , s 2 ) in (2) is zero. However, the second term in eq. (15) is nonzero. This is evident, if we repeat the same consideration for meson mass determination, which were done for nucleon mass and led to (20), (21). Again, the requirement that the Hellman-Feynman-theorem holds, leads to the statement that the last term in (15) must be retained. There are no reasons to neglect it, since we are sure that the masses of excited states in ϕ-channel are heavier than in ω-channel, and, as a consequence, the term proportional to δW 2 in (21) exists. This example demonstrates the necessity to account the term with nondiagonal transitions h → h ⋆ in its general form,
given by the last two terms in eq. (15) even if the bare loop diagram is absent.
Nucleon magnetic moments and the axial coupling constants g A
In these cases, [1] [2] [3] [4] [5] [6] [7] [8] the bare loop diagram is proportional to δ(s 1 − s 2 ) and the correct form of continuum contribution corresponds to (s 1 − p 2 ) 2 in the denominator, as in eq.
(6). This form was used in ref. [2] (see Note Added in Proof) and in refs [6] [7] [8] . The nondiagonal constant term (17) In the case of nucleon magnetic moments the constants A p,n and B p,n , corresponding to the constant A in (15) were found from the sum rules in [2] (see Note Added in Proof).
Taking these values and assuming that the third term in (15) is suppressed in comparison with the second one by the factor exp[−(
we find that the uncertainty in the proton and neutron magnetic moments, arising from this source is |∆µ p | ≈ |∆µ n | ≈ 0.015, much below the overall uncertainty, estimated in
The similar procedure can be performed in the case of isovector nucleon axial coupling constant g A determined in [6] and octet axial coupling constant g s A found in [8] . The result is the same: the uncertainty, arising due to nonaccounted in [6, 8] terms, corresponding to the last term in (15) are much less (about 3-4 times) than the extimated overall error.
Twist four correction to Bjorken sum rule for polarized deep inelastic lepton-nucleon scattering
As shown in [18] the twist four correction to Bjorken sum rule for deep inelastic polarized lepton-nucleon scattering is expressed through the matrix element over nucleon state of the operator
whereG a µν = (1/2)ε µνλσ G a λσ is the dual gluonic field strength tensor. The calculation of the matrix element < p|U µ |p >≡ s µ << U >> in the framework of QCD sum rules was performed by Balitsky, Brown and Kolesnichenko [12] . The bare loop diagram for this case is shown in Fig. 2 . In [12] 
where b is a constant. In the model of hadronic spectrum accepted in Sec.2, we have after Borel transofrmation and using eq. (14):
Eq. (27) essentially differs from the corresponding expression for bare loop contribution in ref. [12] : e.g. the integrand in (27) is positive. while in [12] it is negative in the main region of integration. Of course, the QCD sum rule calculation in this case has a serious drawback: the dependence of the result on the continuum threshold W 2 is not in the form of a small correction of the type exp
strong. This is a direct consequence of high (equal to 5) dimension of the operator U µ . It is clear that the higher the dimension of the considered operator is, the stronger will be the dependence on the continuum threshold and less certain the results of QCD sum rules calculations. It must be stressed that for operators of high dimensions the loop diagrams are in principle nonrenormalizable, the role of excited states in the physical spectrum increases and the determination of the lowest state contribution becomes impossible.
Eq. (27) must be taken instead of the contribution of the bare loop diagram, used in [12] . A similar procedure must be also applied in the case of other terms in the sum rules [12] 
Conclusions
It was demonstrated, that in the QCD sum rules determination of hadronic coupling constants with external fields the phenomenological sides of the sum rules were not treated properly in some cases. The most suitable form of the representation of the physical states contributions -eq. (15) is suggested. At the same time in the loop diagrams in the QCD sides of the sum rules the integration in the double dispersion representation must be performed in the intervals 0 < s , s 2 < W 2 , where W 2 is the continuum threshold.
It is shown that for high (negative in mass) dimension of external field the results of coupling constants determination in essential way depend on the value of the continuum threshold W 2 and are less certain than other QCD sum rule results. It was stressed the necessity the account in the nondiagonal transition terms, corresponding to diagram of Fig. 4 , not only nonsuppressed by Borel transformation terms, but also the terms, exponentially suppressed by Borel transformation -the last term in eq. (15) . The role of these nonaccounted in previous calculation terms was estimated for few examples. http://arXiv.org/ps/hep-ph/9501319v1
